Introduction {#sec1-1}
============

Antipsychotic medication may alleviate the marked burden of disease caused by schizophrenia, and multimodal treatment approaches are frequently combined. Aside from antipsychotic substances, cognitive behavioral therapy and cognitive remediation as well as psychosocial rehabilitation have proved to be effective. Optimised therapeutic conditions include avoidance of dysfunctional stress, restraint from recreational drug abuse and complete adherence to pharmacological treatment, for which guidelines of several national psychiatric societies strongly suggest monotherapy with second-generation antipsychotics (SGA). After two insufficient monotherapeutic treatment attempts with SGAs, clozapine may be installed which is the agent of choice in treatment refractory schizophrenia (Nielsen *et al*., 2011\[[@ref21]\]). Even under such conditions, however, up to 40% of patients experience only partial remission and even more do not reach a level of full functional recovery. This fact has to stimulate both an improved understanding of treatment refractory schizophrenia and the development of innovative substances. In clinical practice, insufficient response to antipsychotic monotherapy is followed by different modes of polypharmacy comprising the 'combination' of equal-class substances (e.g., antipsychotics) and the 'augmentation' with substances of different classes (e.g., antipsychotics and mood stabilizers).

Epidemiology {#sec1-2}
============

International consensus guidelines strongly recommend monotherapy with antipsychotic agents as first-line treatment for schizophrenia. Yet, a marked increase in both add-on approaches and escalations of cumulative doses have been observed (Centorrino *et al*., 2010\[[@ref7]\]). In consequence, treatment expenses increase, and often, off-label polypharmacy without adequate evidence-based support occurs. More than 40% of schizophrenic outpatients receive two or more antipsychotic agents, and up to 70% are comedicated with other psychotropic drugs (Pickar *et al*., 2008\[[@ref22]\]). Such strategies produce ambiguous results regarding efficacy, efficiency and tolerability with the main concerns to reproach antipsychotic polypharmacy being the risk of cumulative side effects, pharmacokinetic interactions, a potential loss of atypical properties (′atypicity′) and rising treatment costs. Generally, patients with longer courses of illness, lower levels of functioning and high treatment compliance are more likely to receive polypharmacy. In a recent meta-analysis (Weinmann *et al*., 2009\[[@ref33]\]), polypharmacy has been associated with increased mortality rates, whereas two large-scale Scandinavian epidemiological studies failed to replicate these findings (Baandrup *et al*., 2010\[[@ref4]\]; Tiihonen *et al*., 2009\[[@ref29]\]). To date, it remains unclear whether or not polypharmacy is able to enhance the overall treatment outcome in terms of a more profound recovery, psychosocial rehabilitation, and reduced rehospitalisation rates; which is why further randomized controlled trials (RCTs) are necessary to throw light on these open questions differing in their levels of evidence.

Review Method {#sec1-3}
=============

We conducted a comprehensive search of the online databases "Medline OVID", "The Cochrane Library", "PubMed" and "[scholar.google.com](scholar.google.com)" for topic-related articles published by November 2011. The terms (schizophrenia OR psychotic disorders OR psychosis) were linked with (combination OR augmentation OR add-on OR addition) as well as (antipsychotic agents OR antidepressive agents OR lithium OR anticonvulsants). In addition, we evaluated currently ongoing subject-related studies on the online database [www.clinicaltrials.gov](www.clinicaltrials.gov).

Substances Applied in Schizophrenia -- An Overview {#sec1-4}
==================================================

Multiple classes of substances are used for the treatment of schizophrenia. Combinations of different antipsychotics are employed to address treatment-refractory positive and negative symptoms, whereas antidepressants, mood stabilizers, cognitive enhancers and experimental substances are used to treat chronic aspects such as affective symptoms, cognitive deficits, obsessive-compulsive syndromes and treatment-emergent side effects. Benzodiazepines, finally, are employed mainly in order to manage acute episodes of illness characterized by anxiety, agitation or aggression.

Treatment-resistant Psychotic Positive and Negative Symptoms: Combining SGA Agents {#sec1-5}
==================================================================================

At present, several innovative compounds are in development and address molecular targets outside the dopaminergic and serotonergic neurotransmission. In particular, proglutamatergic agents acting via the metabotropic glutamate receptors or the glycin binding-site of the *N*-methyl-D-aspartate receptor might prove beneficial in the long run but need further testing and have not yet reached market authorization. To date, clozapine is still the only evidence-based medication for treatment-refractory schizophrenia (Asenjo Lobos *et al*., 2010\[[@ref2]\]; Nielsen *et al*., 2011\[[@ref21]\]). The combination of clozapine with first-generation antipsychotics is common in clinical practice and aims at supplementing the antidopaminergic receptor occupancy. This strategy, however, is not sufficiently substantiated by RCTs and bears the risk of relevant extrapyramidal and other side effects (Barbui *et al*., 2011\[[@ref5]\]). In addition, combinations amongst other SGAs except clozapine await evaluation in controlled clinical trials, and also differences between oral and parenteral modes of application have not yet been sufficiently evaluated in polypharmaceutical approaches.

The SGAs clozapine and olanzapine harbour only low affinity to dopaminergic D2- receptors; however, they have pleiotropic effects on central α1-adrenoceptors, muscarinic M1-cholinoceptors, histaminergic H1-receptors as well as 5-HT~2A~- and 5-HT~2C~-receptors. They are the most common and best investigated SGAs used in combination strategies applied for insufficient treatment responses in schizophrenia (Taylor *et al*., 2011\[[@ref28]\]). Their weak antidopaminergic properties can be supplemented by adding amisulpride or sulpiride with the latter one having been established as a favorable option for insufficiently remitted psychotic symptoms (Wang *et al*., 2010\[[@ref32]\]). The benzamide amisulpride exerts analogous properties, but has not yet been evaluated in sufficiently powered trials. Nonetheless, its add-on has been substantiated by several case series, open trials as well as one small RCT (Assion *et al*., 2008\[[@ref3]\]) and has consequently also become very common in clinical practice. The partial D2- and 5-HT~1A~-receptor agonist aripiprazole exerts differential agonistic and antagonistic effects in both the dopaminergic and the serotonergic systems and has been of beneficial impact on psychotic positive and negative symptoms as well as metabolic parameters when combined with clozapine (Barbui *et al*., 2011\[[@ref5]\]; Fleischhacker *et al*., 2010\[[@ref14]\]). First evaluations of treatment costs during combined clozapine-aripiprazole treatment suggest marked reductions of longitudinal total expenses (Aitchison *et al*., 2011\[[@ref1]\]). The most intensively evaluated SGA added to clozapine is risperidone. Several RCTs ended up with conflicting results with regard to antipsychotic efficiency as an add-on therapeutic (Zink *et al*., 2010\[[@ref34]\]). Treatment adherence and rehospitalization rates, however, could be ameliorated by adding risperidone long-acting injection in clozapine-treated patients (Se *et al*., 2010\[[@ref25]\]). Also ziprasidone has been successfully added to clozapine in numerous case reports and open trials. A head-to-head comparison of ziprasidone or risperidone combined with clozapine revealed similar immediate and long-term efficacy on treatment-resistant schizophrenic symptoms at a diverging range of side effects regarding serum prolactin, extrapyramidal symptoms, and QTc-prolongation (Kuwilsky *et al*., 2010\[[@ref16]\]; Zink *et al*., 2009\[[@ref35]\]).

While clozapine and olanzapine are the most frequent bases for combination strategies, some preliminary data on other SGA combinations (Essock *et al*., 2011\[[@ref13]\]) may be added. In an attempt to overcome insufficient treatment responses, amisulpride has been successfully installed in patients only partially responsive to either risperidone (Lerma-Carrillo *et al*., 2008\[[@ref17]\]) or quetiapine (Englisch *et al*., 2010a\[[@ref9]\]) monotherapy. Similarly, also aripiprazole was used in various combinations (Gomez *et al*., 2008\[[@ref15]\]). As most of the data is derived from observational reports only, the level of evidence for such proceedings, however, remains limited.

Affective and Negative Symptoms {#sec1-6}
===============================

Affective comorbidity in the course of psychotic disorders is common and may emerge as both major depressive episodes and as part of the schizophrenic negative syndrome. As approximately 5% of schizophrenic patients commit suicide in the course of their illness, the necessity of improving affective dysregulation cannot be highlighted enough. Hence, treatment options must be optimized and antidepressant agents as well as mood stabilizers may need to be added.

Augmentation with antidepressants {#sec2-1}
---------------------------------

Antidepressive agents such as citalopram, duloxetine, reboxetine and venlafaxine have been shown to successfully alleviate depressive symptoms in schizophrenia. While tricyclic substances seem to bear a risk of aggravating psychotic symptoms, this risk appears to be low for selective serotonin reuptake inhibitors (SSRIs) combined with SGAs, rendering their utilization generally safe and well-tolerated (Englisch *et al*., 2009\[[@ref11]\]). Noteworthy, pharmacokinetic interactions have to be considered. Furthermore, several SSRIs, trazodone and ritanserine have been found to improve schizophrenic negative symptoms (Singh *et al*., 2010\[[@ref26]\]). This also holds true for mirtazapine which, in addition, showed favorable effects on cognitive deficits usually associated with schizophrenia in several RCTs (Stenberg *et al*., 2011\[[@ref27]\]). The application of mirtazapine in order to ameliorate psychotic positive symptoms, however, yields conflicting results. Owing to the fear of inducing psychotic symptoms, bupropion, a dual dopamine and norepinephrine reuptake inhibitor, had originally been withheld from schizophrenic populations. Meanwhile, however, this substance has been intensively studied as a smoking cessation aid in schizophrenia, and was associated with an amelioration of negative symptoms. Moreover, antidepressive effects have also been successfully observed in a small number of schizophrenic patients (Englisch *et al*., 2011\[[@ref12]\]). Agomelatine, a novel antidepressant exerting its action as an agonist at central melatonergic MT1/MT2 receptors and as a competitive antagonist at serotonergic 5-HT2C-receptors, regulates circadian rhythms and enhances sleep patterns which are frequently disturbed in schizophrenic patients; but further investigations are necessary, before any recommendations in schizophrenic populations can be made.

Augmentation with mood stabilizers {#sec2-2}
----------------------------------

Under the term 'mood stabilizer', one subsumes both anticonvulsants (i.e., carbamazepine, lamotrigine, pregabalin, topiramate, valproic acid) as well as lithium. Despite their limited evidence (Citrome, 2009\[[@ref8]\]) concerning efficacy, safety and regulatory approval, they are frequently applied in schizophrenia with constantly increasing prescription rates.

The add-on of lithium resulted in an overall improvement of treatment outcome (Leucht *et al*., 2007\[[@ref18]\]), but heterogeneous trials and samples were incorporated into this meta-analysis. Generally, its effects on psychotic core features remain inconclusive, which is why further RCTs are necessary. Quite similarly, carbamazepine was associated with an improvement of global psychopathology compared with placebo in a series of trials (Leucht *et al*., 2007\[[@ref19]\]), whereas -- due to methodological issues -- its influence on primarily psychotic features still needs to be evaluated. Generally, one has to consider the risk of cumulative side effects in the haematopoietic system which strongly disfavors the add-on of carbamazepine to other myelodepressive substances such as clozapine.

Lamotrigine appears to be beneficial if added in partially remitted clozapine-treated patients (Tiihonen *et al*., 2009\[[@ref30]\]). The GABA-analog pregabalin was successfully used for the management of treatment-resistant anxious syndromes in schizophrenia (Englisch *et al*., 2010b\[[@ref10]\]) and should be further evaluated.

Based on currently available data, the prescription of topiramate in addition to clozapine appears doubtful: while the substance showed only meagre effects regarding clinical symptomatology and reduction of body weight, it harbors the important risk of cognitive impairment (Muscatello *et al*., 2011\[[@ref20]\]) and should be used with caution. Valproic acid shows beneficial impact on aggressive symptoms as well as on tardive dyskinesia. For the management of acute psychotic episodes, however, it was not superior to placebo when added to SGAs (Casey *et al*., 2009\[[@ref6]\]).

Experimental substances {#sec2-3}
-----------------------

Several experimental substances were tested for beneficial effects on the schizophrenic deficit syndrome. Preliminary positive results have been obtained with the cyclo-ocygenase-2 (COX-2) inhibitor celecoxib, and the phosphodiesterase-5 (PDE-5) inhibitor sildenafil; yet, they lack further verification.

Cognitive Impairment {#sec1-7}
====================

The importance of assessing and treating cognitive malfunction cannot be overestimated as functional outcome, social and vocational rehabilitation of schizophrenic patients is determined to a great extent by their cognitive skills. Still, as yet, no gold standard has been established for the treatment of schizophrenic thought disturbances. Nonpharmacological interventions such as specifically tailored cognitive remediation and metacognitive training have reproducibly shown moderate results, which are at present not equalled by pharmacological interventions. Several pathophysiological considerations have resulted in trials with predominantly experimental characters and only preliminary evidence.

Cholinergic neurotransmission is involved into memory consolidation and is preponderantly modulated by muscarinic M~1~-receptors or the α-subunit of nicotinic acetylcholine receptors. Adding choline esterase inhibitors such as donepezil and galantamine to SGA treatment regimens, however, resulted in cognitive improvements no greater than placebo and therefore lacks clinical significance. Preliminary positive findings have been obtained with the α~7~-partial agonists tropisetrone or with DMXB-A; but they need to be replicated.

The glutamatergic system modulates cognitive processes such as attention, working memory, executive functions and learning via the NMDA receptor. Glycine, D-serine, D-cycloserine and sarcosine, an inhibitor of the glycine-transporter, act as NMDA agonists and were intended to enhance cognition in schizophrenia. More than 800 schizophrenic patients were treated in a total of 26 studies and experienced an improvement of affect regulation, positive and negative symptoms, cognition and general psychopathology under treatment with all of these substances, with the exception of D-cycloserine, as has been revealed by a recent meta-analysis (Tsai & Lin, 2010\[[@ref31]\]). Also the tetracyclic antibiotic minocycline modulates the glutamatergic system and was shown to be of favor regarding negative symptoms, global outcome and executive functions, whereas the NMDA-antagonist memantine and modulators of the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic (AMPA) receptors such as CX516 brought about no benefit.

Dopaminergic neurotransmission modulates the cognitive domains of working memory and executive functions, and accordingly, the modified dopamine hypothesis of schizophrenia postulates a dysfunctional dopaminergic neurotransmission within the prefrontal cortex. Genetically defined interindividual differences importantly influence the dopaminergic system, and executive dysfunction is strongly associated with schizophrenia. Therefore, dopamine agonists have been applied to counteract such deficits: The D1 agonist dihydrexidine, the combined D1/D2 agonist pergolide and the presynaptic D2/D3 autoreceptor agonist pramipexole have been evaluated with inconsistent results. In parallel, the SSNRI bupropion showed a trend for improving cognitive performance in schizophrenia but needs to be further evaluated.

Aside from the above-mentioned neurotransmitter systems, cognition is also regulated by stimulation of 5-HT~1A~-, 5HT~2A~- and 5-HT~6~-receptors, and modulators of the 5-HT~1-4~-receptor subtypes have been shown to improve learning abilities. In accordance, favorable effects have been observed with the 5-HT~1A~ partial agonist buspirone, the 5-HT~3~-antagonist ondansetron and the 5-HT~2A/2C~-antagonist ritanserine.

Further research on pharmacotherapy of cognitive deficits in schizophrenia might involve cognitive enhancers such as methylphenidate, the norepinephrine reuptake inhibitor atomoxetine or modafinil, sex hormones such as estradiol, allopurinol, gingko biloba, *N*-acetyl cysteine (NAC), propentofylline, S-adenosyl methinonine (SAM), selegiline and warm-supplementing kidney yang (WSKY). While all of these substances hold conceptual or preliminary justification to some extent, they differ markedly regarding safety and tolerability and cannot be recommended for clinical application at present.

Management of Side Effects Induced by Antipsychotics {#sec1-8}
====================================================

Treatment-emergent side effects are common, limit treatment adherence and have to be considered before and during any kind of psychopharmacological treatment. Careful management is necessary to counteract these frequently severe and sometimes stigmatizing symptoms. Side effects often result in polypharmacy, which may be considered outside the scope of this review. However, treatment-emergent side-effects frequently limit antipsychotic dose escalations, may result in switching treatment regimens and consequently result in treatment resistance. While anticholinergic substances such as biperiden, metixen und trihexyphenidyl are well-established remedies for antagonizing acute dystonic movement disorders, their chronic administration, however, must be avoided due to the risk of cognitive side effects. Akathisia may be responsive to the add-on of mirtazapine, but often only disappears after switching to another antipsychotic substance. Weight gain is a highly relevant problem in schizophrenia which may be attributed to some extent to an altered eating behavior one the one hand and disease-inherent deficits in the reward anticipation on the other. Yet, also side effects of antipsychotic drugs must be considered, which is why clinicians struggle to manage obesity, dyslipidemia and other metabolic derangements in schizophrenic patients. Some improvement may be achieved by combining SGAs with less favorable metabolic profiles such as clozapine, olanzapine and quetiapine with SGAs less prone to weight gain such as ziprasidone, amisulpride or aripiprazole (Zink *et al*., 2010\[[@ref34]\]). Hence, relevant dose reductions of the primary SGA may be achieved which can result in significant metabolic improvements. Data regarding metformin as a single adjunct or in combination with sibutramine is still inconsistent, whereas the add-on of the noradrenergic antidepressant reboxetine proved helpful to counteract SGA-associated weight gain.

Sexual dysfunction in schizophrenia is multicausal, with serum prolactin elevations resulting from antipsychotic D~2~-receptor blockade being of major importance. Consequently, many patients experience menstrual irregularities and galactorrhoea or gynaecomastia and sexual dysfunction, respectively, reducing quality of life and lowering the overall treatment adherence. While dose reductions or switching to another SGA aim at a causative approach, experimental substances such as the PDE-5 inhibitors sildenafile and vardenafile have also been applied. Furthermore, dopaminergic agents, e.g., bromocriptine and cabergoline, as also cyproheptadine, amantadine, shakuyaku-kanzo-to and selegiline, were used symptomatically. Generally, however, it is recommended that physicians focus on prevention, for instance by the choice of antipsychotics with lower risk of endocrine side effects, rather than treating sexual dysfunction.

Obsessive-compulsive symptoms (OCS) in schizophrenia, finally, have been correlated with the administration of antiserotonergic antipsychotics in a time- and dose-dependent manner (Schirmbeck *et al*., 2011\[[@ref23]\]; Schirmbeck & Zink, 2011\[[@ref24]\]). Treating this grossly underestimated side effect primarily aims at a dose reduction of the respective underlying antipsychotic agent, which may be achieved by compensating combination and augmentation strategies, for example with neutral (amisulpride) or antiobsessive (aripiprazol and ziprasidone) SGAs.

Concluding Remarks \[See also [Figure 1](#F1){ref-type="fig"}: Flowchart of Paper\] {#sec1-9}
===================================================================================

![Flowchart of the paper](MSM-10-20-g001){#F1}

In light of currently available data, some conclusions seem justified:

Clozapine remains the first-line medication for treatment-refractory psychotic symptoms.In cases of partial response, the combination with SGAs such as sulpiride, amisulpride, aripiprazole, ziprasidone and risperidone is justified in order to supplement its antidopaminergic properties. Clear differential indications should be elaborated by future head-to-head-trials.Treatment-refractory negative symptoms and intercurrent major depressive episodes respond to a large extent to antidepressive treatment with SSRIs, SSNRIs or mirtazapine, while mood stabilizers and lithium lack convincing evidence.Incomplete remission of cognitive dysfunction remains the most important challenge of treatment research in schizophrenia.

Currently available compounds represent only few therapeutic mechanisms which are insufficient to control all aspects of schizophrenia. Thus, there is an urgent need for the scientific exploration of the molecular neurobiology of schizophrenia, the definition of novel treatment targets and the development of innovative substances. Progress along this line might enable clinicians to ease the burden of illness in schizophrenic patients.

Take home message {#sec2-4}
-----------------

Treatment resistance is very common and refers not only to psychotic positive and negative symptoms, as well as depression, but most importantly also to manifold cognitive deficits.Specific pharmacological and psychotherapeutic interventions can be applied based on evidence derived from clinical trials.Novel molecular targets and innovative substances should be defined in future schizophrenia research.

Questions that the Paper Raises {#sec1-10}
===============================

Which different dimensions of treatment resistance can be addressed by clinical trials?Which strategies should be chosen if psychotic positive or negative symptoms resist antipsychotic monotherapy?How prevalent are comorbid depressive or obsessive-compulsive symptoms and which therapeutic consequences are indicated?Should patients with treatment-resistant cognitive symptoms receive cognitive remediation or pharmacological interventions?Which methods allow estimating the costs and benefits of antipsychotic polypharmacy regarding subjective as well as socioeconomic burden of disease?
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